. quo 1 mutant animals die as larvae or pupae, while quo 2 and quo 3 also plays a critical role in an early function in R cell development, as was revealed through the isolation and phenotypes were less severe with a lethal phase later during pupal development. In some cases, quo 2 /quo 3 characterization of null alleles deleting the JAB1/CSN5 coding sequence. heterozygotes survived to adulthood. These animals were morphologically normal, but were uncoordinated and sluggish, and died a few days after eclosion.
Results
In quo 1 , quo 2 , and quo 3 mutant larvae, many R1-R6 axons fail to terminate in the lamina but instead project R Cell Projections Are Disrupted in quo Mutants A single loss-of-function mutation, initially designated through this region into the medulla ( Figure 1B ). This defect in target specificity was revealed using a marker quo 1 , was identified in an ethyl methane sulfonate (EMS) screen for defects in R cell connections. Two additional for a subset of R1-R6 axons (i.e., R2-R5), Ro-lacZ (Garrity et al., 1999 Figure 1D ). In the tatively similar to, but less severe than, quo 1 .
remainder of this manuscript, we refer to the quo gene (and its alleles) as CSN5 and the Quo protein as JAB1/ CSN5. quo Encodes a Drosophila Homolog of JAB1/CSN5 Meiotic recombination and deficiency mapping local-CSN5 Is Required in the Eye for R Cell ized quo to the cytological region between bands 89C7 Axon Targeting and 89D1 ( Figure 1C ). Complementation tests placed To determine whether CSN5 was required in R cell afferquo between the proximal breakpoint of Df(3R)RK6-3 ents or the brain, genetic mosaic analyses were underand the distal breakpoint of Df(3R)Sbd104. A region of taken. CSN5 1 mutant patches in the retina, in otherwise some 200 kb was isolated through positional cloning heterozygous animals, were created by X-ray-induced and approximately 20 kb of that region, defined by the mitotic recombination or by using FLP/FRT-mediated two aforementioned breakpoints, demarcated the rerecombination driven by eye-specific expression of the gion containing the mutations. A panel of fragments was FLP-recombinase (see Experimental Procedures). R1-R6 introduced into flies by P element-mediated transformatargeting in adult tissue was assessed using a marker tion and tested for rescue of the quo connectivity despecific for the projections of R1-R6 axons, Rh1-lacZ. Of fects and lethality. A genomic fragment of 6.6 kb rescued 22 mosaic animals, 15 exhibited an R1-R6 mistargeting the mutant phenotype. A single open reading frame of phenotype ( Figure 2B ). These results were confirmed using 327 amino acids was identified within the fragment and genetic mosaic analyses in developing eye-brain comcDNAs corresponding to it were isolated. A heat shock plexes by generating eye tissue homozygous for CSN5 1 cDNA transgene rescued both lethality and the R cell while the target was wild-type. These projections were targeting phenotype. NCBI Blast search results showed assessed using a pan-R cell specific marker, mAb24B10. that this cDNA encoded a protein 65% and 74% identical All animals of this genotype (n ϭ 11) exhibited abnormal to Jun-activation-domain binding protein1 (JAB1) (Claret projections ( Figure 2D ). These results and the finding et al., 1996) and subunit 5 of the Arabidopsis COP9 sigthat the CSN5 mutant phenotype was rescued by neunalosome (CSN5) (Kwok et al., 1998), respectively (Figure 1D) . Each of the three EMS alleles leads to specific ron-specific expression of a full-length cDNA ( Figure 2F ) Figures 8C and  8D) . Expression of Elav, an early neuron-specific nuclear protein, and Chaoptin, a later appearing R cell surface protein, is greatly reduced in the mutant clones. However, Futsch, a neuronal microtubule-associated protein that appears at an early stage of R cell differentiation, and Boss, an early R8-specific protein, were expressed normally ( Figure 8C) . Expression of other markers including Dachshund, Cubitus interruptus (Ci), Delta, and Atonal was similar to wild-type ( Figure 8C ; data not shown). Cell cycle progression in the eye disc appeared normal as assessed using BrdU incorporation ( Figure  8C ). The lack of a cell cycle phenotype as assessed with BrdU incorporation is consistent with the observation that the size of homozygous CSN5 N mutant clones was similar to sister clones homozygous for the wild-type 
both PCR analysis and Southern blots (data not shown).
CSN4 N and CSN5 N mutant phenotypes in developing eye As CSN5 N larvae do not survive to third instar, the eye discs are also similar, with a marked reduction of Elav phenotype was assessed in genetically mosaic animals.
and Chaoptin expression ( Figures 8C and 8D) . These CSN5 N eye tissue was generated using FLP recombidata are consistent with the CSN5 null mutant phenonase expressed under the control of the eyeless protype reflecting the loss of the COP9 signalosome funcmoter (ey-FLP) to promote eye-specific FRT-mediated mitotic recombination between wild-type and CSN5 N tion in the developing eye. 
